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Abstract
Data for a contaminated site in Bloomfield, New Jersey were gathered from the
New Jersey Department of Environmental Protection (NJDEP), in order to evaluate the
hydrogeological conditions at the site. In particular, the data were analyzed to determine
whether: 1) the site is still significantly contaminated, 2) natural attenuation is occurring
at the site, and 3) natural attenuation will completely remediate the site in a reasonable
period of time.

The occurrence and distribution of Trichloroethene (TCE) and its

daughter products, Dichloroethene (cis 1,2 DCE) and Vinyl Chloride (VC) show that the
site is still contaminated.
It was observed that the concentration of Trichloroethene (TCE) decreased over
time, showing that natural attenuation is occurring at the site. However, in some wells
TCE concentration increases with time, and therefore this site can still be considered
contaminated.

This increase in concentration of TCE does not support natural

attenuation.
Dissolved oxygen levels in groundwater wells are above 1 milligram/Liter
(mg/L), which indicates aerobic conditions. It is known that anaerobic conditions are the
desired and optimal conditions for the natural attenuation of TCE and of the daughter
products for TCE (cis 1,2 DCE and Vinyl Chloride) that were found at the site. The
observation of daughter products at the site supports the occurrence of natural attenuation
even though conditions are not optimal.
Due to the inconclusive results from the analysis of the field data, numerical
modeling was used to determine the nature and length of time required for natural
attenuation to remediate the site. The MODFLOW code was used to generate regional

and local groundwater flow patterns. The RT3D code was then used to analyze the
natural attenuation of the TCE and the length of time it would take to remediate the site.
The simulations show that if natural attenuation was the only remediation process
occurring at this site, the TCE would be removed in a period of eight years.

The

continuous presence of TCE, beyond eight years as predicted by the models, indicates
that natural attenuation may not be the optimal remediation technique at this site. This
study shows that a combination of field and theoretical techniques may be used in our
understanding of natural attenuation of contaminants at a contaminated site.
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1.0 Introduction
Groundwater contamination is prevalent throughout the United States due to the
discharge of organic chemicals from waste sources (Rodriquez et al. 2003). For the past
two decades the process of natural attenuation of chlorinated volatile organic compounds
has been researched and published (Azadpour-Keeley et al. 2001; Oleszkiewicz et al.
1993; Sutherson 2002; Wiedemeier et al. 1996). Due to the information gained from
these previous studies, natural attenuation has recently been recognized as a potential
remedy for chlorinated solvent contamination (National Research Council 2000; Major et
al. 1991; Martin and Imbigiotta 1994; Wiedemeier et al. 1999; Wilson et al. 1994).
Natural attenuation is defined as the combination of natural biological, chemical, and
physical processes that act without human intervention to reduce mass, toxicity, mobility,
volume, or concentration of the contaminants (Alvarez and Illman 2006). The important
question when looking at natural attenuation as a means of remediation, according to the
USEPA (1997) is whether this natural process will achieve site-specific clean-up
objectives within a reasonable time frame. A time frame may be considered reasonable if
it is not excessive when compared to other methods of remediation (Alvarez and Illman
2006).
Numerous sites that have been characterized by groundwater contamination
rely on natural attenuation as a means of remediation (Atteia and Guillt 2006). In fact,
25% of Superfund Sites rely on natural attenuation as a remedial strategy (Delvin et al.
2002) .
This paper examines a site in Bloomfield, New Jersey that has groundwater
contamination, specifically Trichloroethene (TCE) and its degradation products, which
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are cis 1,2 Dichloroethene (cis 1,2 DCE) and Vinyl Chloride. The main contaminant
TCE at high exposures may lead to cancer. Exposure for a small amount of time may
lead to headaches, dizziness, lung irritation and poor coordination (Department of Health
and Human Services 2007). Cis 1,2 DCE in low doses can effect the blood and the liver
(Department of Health and Human Services 2007). Vinyl Chloride can cause breathing
problems and long term exposure may produce liver changes, nerve damage or immune
reactions (Department of Health and Human Services 2007).

Cummings/Riter

Consultants, Inc. (2006), the environmental consulting group that has been hired to
examine this site, believe that natural attenuation is taking place at this site and, therefore,
can be relied upon for remediation.
Natural attenuation is gaining acceptance as a method of treating groundwater that
is contaminated by organic compounds as long as the environment is conducive for it to
occur successfully (Wiedemeier et al. 1996). Wiedemeier et al. (1996) further explains
that groundwater conditions are not always favorable for natural reductive dechlorination,
so natural attenuation is not always the appropriate method for groundwater remediation.
However, if conditions are favorable for natural attenuation, evidence must also show
that these reactions are happening at rates deemed acceptable for protection of human
health and the environment (Azadpour-Keely et al. 2001).
In order to determine the effectiveness of using natural attenuation as a remedy at
this site in Bloomfield and to demonstrate its effectiveness, groundwater modeling is
often used to understand the transport regime and the governing natural attenuation
processes, and to predict plume evolution and contaminant concentration levels over time
(Ling and Rifai 2007).

Furthermore, with the development of mathematical and
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computer models that can be used to simulate the various natural attenuation processes in
recent years ( Aziz et al. 1999; Borden et al. 1997; Clement et al. 1997; Rifai et al. 1997;
Waddill and Widdowson 2000) the modeling of natural attenuation at field sites has been
greatly facilitated.
Cummings/Riter (2006) state that natural attenuation is the biodegradataion,
dispersion, dilution,

sorption, volatilization,

and/or chemical

and biochemical

stabilization of contaminants of interest to effectively reduce the mass, toxicity, mobility,
volume, or concentrations of contaminants to levels that reduce risks to human health and
the ecosystem.

Wiedemeier et al. (1999) agrees that natural attenuation refers to

naturally occurring physical, chemical, and biological processes in ground water such as
biodegradation, dispersion, adsorption and volatilization that cause a reduction in
contaminant mass and concentration.
The contaminants being studied in this report are chlorinated solvents. According
to Parker and Mohr (1996) there are three potential pathways for chlorinated solvents to
biodegrade: (i) the use of an electron acceptor (reductive dechlorination), (ii) use of an
electron donor or (iii) co-metabolism.

According to Wiedemeier (1996), reductive

dechlorination is the only biological mechanism known to degrade TCE. Alvarez and
Illman (2006) also agree that reductive dechlorination is thought to be the most widely
applicable mechanism for remediation of chlorinated solvents.
According to the EPA (1999) there are three lines of evidence necessary to
analyze whether natural attenuation is occurring at a particular site.

Primary and

secondary lines of evidence at a given site are recommended by the EPA (1999) to
support a decision that utilizes monitored natural attenuation. The EPA (1999) continues
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to explain that tertiary evidence may be necessary if the first two lines of evidence are
inadequate.
The first, or primary, line of evidence is to demonstrate a trend of decreasing
contaminant mass and/or concentration over time at acceptable sampling locations over
several time periods.

The creation of plumes and charts that demonstrate the

concentration of the contaminant versus time will be used to address the primary line of
evidence.
The second, or secondary, line of evidence utilizes hydrogeologic and
geochemical data to demonstrate indirectly the mechanism of natural attenuation.
Biodegradation can be determined by analyzing geochemical indicators such as an
increased ratio of nondegradable to degradable components and detection of Intermediate
metabolites. Dissolved oxygen, nitrate, iron, sulfate, methane and carbon dioxide are
also geochemical parameters that can be used to provide information about degradation.
The National Research Council (2000) agrees that geochemical parameters can be used as
“footprints” of natural attenuation.

Another way to determine a secondary line of

evidence is to sample the wells and use a point system developed by the EPA (1998) to
determine if anaerobic biodegradation is occurring.

The point system assigns both

positive and negative point values to parameters such as dissolved oxygen, nitrate,
sulfate, methane and the contaminants. Based on the score of the samples it can be
determined if there is evidence for anaerobic biodegradataion. Analysis of geochemical
parameters such as oxygen, nitrate, sulfate, etc., will be used for the secondary line of
evidence as well as the presence or absence of daughter product at the site and the point
screening process, which was conducted by Cummings/Riter (2006).
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At polluted sites, where anaerobic conditions prevail in groundwater or soil, the
contaminants trichloroethene, commonly known as TCE (C2HCI3) or tetrachloroethene
(PCE) are often converted to cis 1,2-dichloroethene, also known as cis 1,2-DCE,
(C2H2CI2) and/or Vinyl Chloride (C2H3CI).

Under anaerobic conditions the

biodegradation process is a reductive dechlorination which converts TCE to cis 1,2 DCE,
cis 1,2 DCE to Vinyl Chloride and Vinyl Chloride to ethylene (Vogel et al. 1987; Back
and Jaffe 1989; Maymo-Gatell et al. 1995). In this breakdown process cis 1,2 DCE and
Vinyl Chloride are considered the daughter products. Alvarez and Illman (2006) explain
that anaerobic conditions (reductive dechlorination) involve total depletion of oxygen,
nitrate, and sulfate in the source area and downgradient followed by the appearance of
ferrous iron, methane, acetate and high levels of organic carbon. When this happens
oxygen levels should be very low and nitrate and sulfate levels should also be low.
Ferrous iron, methane, acetate and organic carbon should appear and increase throughout
the process. Under aerobic conditions, depletion of oxygen and nitrate can be seen as
well as the appearance of methane, ferrous iron, and acetate in the source area and finally
marked by the reappearance of oxygen and disappearance of methane downgradient of
the plume.

If the site is representative of aerobic conditions then oxygen will initially

decrease, but an increase will be visible after the initial decrease in oxygen to show
oxygen is returning to the environment. Nitrate will decrease and methane, ferrous iron
and acetate will appear.
Wiedemeier (1999) further explains that in the beginning of this process, carbon
is used as an electron donor and dissolved oxygen is the electron acceptor.

When

dissolved oxygen is depleted, nitrate, ferric iron, sulfate and carbon dioxide are used in
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that particular order. When the dissolved oxygen is depleted the denitrification stage
begins and nitrate is used as the electron acceptor. Once the nitrate is depleted, Iron (III),
ferric iron, acts as the electron acceptor and will be used in reductive dechlorination to
create Iron (II). At the end of this phase, iron will level out and sulfate reduction will
begin where sulfate will be consumed and Hydrogen Sulfide (H2S) will be produced.
During Methanogenesis, Methane will be produced and carbon dioxide will act as the
electron acceptor.
The speed at which each contaminant will degrade in certain conditions will vary.
TCE will breakdown rapidly under sulfate reducing and methanogenic conditions and can
also occur under all anaerobic conditions. As TCE breaks down aerobic and anaerobic
oxidation may occur to produce cis 1,2 DCE. This chemical will break down slower
using sulfate-reducing and methanogenic conditions. Vinyl Chloride is produced from
this breakdown when aerobic or anaerobic oxidation occurs. Vinyl Chloride will degrade
slower and also use sulfate reducing and methanogenic conditions (Wiedemeier 2005).
Other possible footprints to show natural attenuation are an increase in
degradation rates, appearance of daughter products, or creation of products such as
carbon dioxide, ethane and chloride which occur highest downgradient of the parent
plume (Alvarez and Illman 2006). The daughter products that would be visible at this site
are cis 1,2 DCE and Vinyl Chloride.
The third, or tertiary, line of evidence, according to the EPA (1999), is to use data
from the field or a microcosm study to directly demonstrate a specific type of natural
attenuation at the site and its ability to degrade the contaminants that are the primary
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concern. This typically concerns microbiological studies at the site. The tertiary line of
evidence will not be used in this particular study.
In this study, field data from Cummings/Riter (2006) for the site are analyzed and
used to determine whether natural attenuation is occurring at the site and if it is occurring
in a “reasonable time frame.” In order to address these two issues, first a determination
will be made as to whether the site is still contaminated and, if so, what are the main
contaminants. Second, analysis as to whether natural attenuation is occurring, the type of
natural attenuation occurring and any inconsistencies that do not support natural
attenuation will be examined. Third, a computer modeling technique will be used to
simulate groundwater flow and contaminant transport at the site to determine the length
of time natural attenuation will need to occur to clean up the current contamination at the
site in a “reasonable time frame.”

2.0 Site Description
Early in the 1900s Westinghouse Electric Corporation began research,
development and manufacturing of lamps in Essex County, New Jersey, which can be
seen in Figure IA. Westinghouse Electric Corporation is located in Bloomfield, New
Jersey, which can be seen on the 7.5 minute USGS Orange Quadrangle Topographic Map
in Figure IB. The site consisted of approximately 14 acres of land containing 11
buildings. The Westinghouse site and the wells that are currently placed on this site can
be seen in Figures 2A-2D.
Between 1941 and 1950, the former Westinghouse site was licensed for the use
of thorium in the manufacturing of electric light filaments, and for handling and treating

7

uranium tubing, which supplied uranium metal for the Manhattan Engineering Project
(Manhattan Project).

Westinghouse sold this company to North American Philips

Lighting Corporation (Phillips) early in the 1980s. The plant ceased operations in 1986,
and thereafter, everything was demolished from the site except for one garage. From
1986 until just recently the company has been transferred to new owners a couple times,
but at the time operations ceased, Philips was the owner of the company and
Westinghouse still owned the site. So, at the cessation of operations, Philips was the
Operator of the Site within the meaning of the Industrial Site Recovery Act (ISRA 1993)
and its predecessor act, the Environmental Cleanup Responsibility Act (ECRA 1983) and
Westinghouse was the owner within the meaning of ISRA and ECRA.

In order to

comply with the requirements of ECRA (now ISRA), an investigation of the site was
undertaken in accordance with the ECRA requirements. The investigation determined
from multiple examinations of the site, that the site was seriously contaminated. The site
not only had chemical contamination from releases of chemicals such as Trichloroethene
(TCE) and Vinyl Chloride, but also contained contamination as a result of radioactive
elements. The radioactive elements were remediated to the satisfaction of the United
States Nuclear Regulatory Commission and in 2003 the United States Nuclear Regulatory
Commission released this site for unrestricted use.
contamination is still present and remains a concern.
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However, the groundwater

3.0 Geology
3.1 Regional Geology
The site is located in the Newark Basin, which extends south and westward from
the lower Hudson River region, across northern and central New Jersey, and continues
southward into Pennsylvania (USGS 2003). This Basin parallels the Appalachian
Orogenic Belt in eastern North America. The Newark Basin is of early Mesozoic Age
and is comprised largely of clastic and extrusive igneous rocks. The structure of this
basin is that of a half-graben which can be seen by examining the westward dip of the
strata (Cummings/Riter 2006; Ophori and McGill 2000; Berg et al. 1986).

3.2 Local Geology
According to the February 1991 report filed by BCM, the site geology is
composed of three geologic layers seen in Figure 3. The top layer is artificial (not
natural) till and consists of concrete, macadam (broken rocks) and unstratified grey to
brown colored silty fine sand, silt, medium to coarse grained sand, clayey silt and silty
clay. This layer ranges in thickness from 1.5 to 6 meters across the area. The second
layer is composed of glacial deposits.

This layer contains unconsolidated to semi-

consolidated sand, silt and clay. The glacial deposits are believed to be of Pleistocene
Age, probably from the Wisconsin Glacial Stage stratified drift or outwash deposits. The
glacial deposits range in thickness from 1.5 to 3.6 meters thick along this area. Below the
glacial deposits lies the bedrock. The bedrock is of Jurassic/Triassic age and is part of
the Brunswick Formation. This formation contains red-brown colored, well cemented
shaley siltstone with interbeds of mudstone and fine-grained sandstone.
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It varies in

thickness from 3.6 to 7 meters thick across the site. The bedrock appears to strike
Northeast-Southwest and dips 8 to 10 degrees to the dip direction.

4.0 Hydrogeology
The Brunswick formation is the principal groundwater aquifer in Essex County,
New Jersey, where Bloomfield is located. The Brunswick Formation acts as a multi-unit
leaky confined aquifer with thin individual water-bearing units that parallel bedding.
There is little primary porosity in this layer and no igneous rock was found in any soil
borings under this site.

There are no faults near the site (Cummings/Riter 2006).

However, there are multiple fractures in this formation and the number and size of these
fractures increase with depth.

Groundwater is stored and transmitted through these

fractures (Cummings/Riter 2006). Figures 4A through 4C show the water levels in the
Shallow, Intermediate and Deep Groundwater Zones. In general, the average depth to
water in the Shallow Groundwater Zone is higher than the Intermediate and Deep
Groundwater Zones. The average depth to water in the Intermediate Groundwater Zone
is higher than the Deep Groundwater Zone. Therefore, the general flow direction for
groundwater is downward.

5.0 Groundwater Delineation
Initially, in 1993, there were five groundwater zones that were identified at this
site. In 1999 Cummings/Riter (2006) reevaluated these designations and developed new
groundwater zones based on the hydro strati graphic zones at the site. The reevaluation
declared only four groundwater zones: Perched, Shallow, Intermediate and Deep. The
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Perched Groundwater Zone is the upper Zone at the site followed by the Shallow,
Intermediate and the Deep Groundwater Zone.

The groundwater travels downward

through these four Zones.
The Perched Groundwater Zone can only be found in the southwest corner of the
site and has six wells. The Shallow Bedrock Groundwater Zone is found throughout the
site. This zone has a hydraulic conductivity range of 1.16 to 90.3 meters/day in the
confined areas and 1 to 30.6 meters/day in the unconfined areas.

The Shallow

Groundwater Zone has 10 wells. The Intermediate Bedrock Groundwater Zone is also
found throughout the site and has a hydraulic conductivity range of 0.00005 to 6.3
meters/ day in the confined areas and 0.00005 to 10.1 meters/day in the unconfined areas.
The Intermediate Groundwater Zone has 30 wells. The Deep Bedrock Groundwater
Zone is found throughout the site and has a hydraulic conductivity range of 0.05 to 7.9
meters/ day in the confined areas and 0.05 to 5.97 meters/day in the unconfined areas.
The Deep Groundwater Zone has 10 wells.
Groundwater in this region is reported to flow from the Watchung Mountains in
the west to the Passaic River in the east (Cummings/Riter 2006).

However, the

topography in the area affects the local flow of the upper layers and most of these will
discharge to local streams or drainage ways while the deeper bedrock does seem to
follow the overall regional groundwater flow from west to east (Cummings/Riter 2006).

6.0 Primary Evidence: Plume Analysis
In order to help determine whether natural attenuation is occurring at the site,
plume diagrams were created for the following contaminants: Trichloriethene (TCE), cis
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1,2 Dichloroethene (cis 1,2 DCE) and Vinyl Chloride. Data tables that Cummings/Riter
(2006) created based on previous samples provided concentrations of contaminants over
time. Plumes for the years 2000, 2002 and 2005 were generated by hand-contouring the
data. Each Groundwater Zone (Perched, Shallow, Intermediate and Deep) was examined
and plume diagrams were made if multiple wells in that zone exceeded the New Jersey
Water Quality Standard (NJWQS) for TCE and Vinyl Chloride, which is 1 pg/L. Cis 1,2
DCE has a NJWQS of 70 pg/L.

6.1 Perched Groundwater Zone
TCE is the main contaminant of concern in the Perched Groundwater Zone. The
cis 1,2 DCE, which can be seen in Appendix A, is lower than 1 microgram/Liter (pg/L)
in all the wells and the Vinyl Chloride, also seen in Appendix A, is below 1 pg/L in all
wells in this zone. Therefore, only a plume for TCE in the Perched Groundwater Zone
was created since that is the only contaminant that is over the New Jersey Water Quality
Standard.
TCE concentrations for these wells can be seen in Table 1. In comparison to the
original 2000 readings most of these wells have higher concentrations of TCE. Plumes
5A-5C exhibit how the plume expands from 2000 to 2005. This overall increase in TCE
concentration can also be seen in Figures 6A-6D.

Each of these plots shows the

concentration of TCE in a particular well in the Perched Groundwater Zone.
Figures 6A and 6B portray an initial spike in concentration of TCE followed by a
decrease in the concentration of TCE. However, Figures 6C and 6D show a decrease in
the concentration of TCE initially and an increase in concentration in 2005.
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Table 1: TCE in the Perched Groundwater Zone
Tim e

W ell

C oncentration

January 2000

DTW-1R
HOW-1
HOW-2
HOW-3
SVE-A
SVE-B
DTW-1R
HOW-1
HOW-2
HOW-3
SVE-A
SVE-B
DTW-1R
HOW-1
HOW-2
HOW-3
SVE-A
SVE-B

2
<0.5
1
9
4
0.7
2.8
0.91
4.6
9.3
0.65
3.4
8.9
8.8
0.51

(^g/L)

December 2002

December 2005

It is expected that movement of these contaminants should follow the path of
groundwater flow in the area. If this is so, the contaminants should be moving to the
south or east according to Cumming/Riter (2006).

However, the wells in the

northwestern area of the site appear to be increasing in contamination which indicates
that there could be another source of TCE to this area. In 2005 there were 3 wells above
NJWQS, which corresponds to the number of wells contaminated in 2000. However,
samples from two of the wells were not analyzed by Cummings/Riter (2006).

6.2 Shallow Groundwater Zone
The Shallow Groundwater Zone data, seen in Appedix A, indicates that cis 1,2
DCE is not found above the NJWQS in any wells in this Zone. Vinyl Chloride, also
found in Appendix A, exceeds NJWQS in well MW-1S. Well MW-1S began in 2000
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with 11 jag/L of Vinyl Chloride but it then increased to 18.2 pg/L in 2002, followed by a
decrease to 1.6 pg/L in 2005. Overall Vinyl Chloride does seem to be within the
acceptable standard.
On the other hand, TCE contamination in this zone seems to be prevalent. Only
three wells in this zone show concentrations within the NJWQS. The other seven wells
show very high concentrations of TCE. Figures 7A through 7C are plumes that have
been created based on Table 2 below.

Figure 7A shows high levels of TCE along

Arlington Avenue and just above Arlington Avenue.

The northern part of the site,

MacArthur Avenue, also has elevated concentrations of TCE
In Figure 7B an overall increase in contamination can be observed. Wells CC-4S
and MW-IS are the only two wells that have decreased concentrations of TCE since
2000. As of 2002 all of the other wells have increased in concentration, which can be
seen in Table 2 below.
Figure 7C shows TCE concentrations in 2005. At this point most wells have
decreased TCE concentrations as compared to their 2002 values. However, some wells
have more drastically decreased than others.
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Table 2: TCE concentration in the Shallow Groundwater Zone
Tim e

W ell

C oncentration

January 2000

BW-1A
CC-3RR
CC-4S
CC-5A
MW-IS
MW-2S
MW-4A
MW-9A
MW-11
MW-13
BW-1A
CC-3RR
CC-4S
CC-5A
MW-IS
MW-2S
MW-4A
MW-9A
MW-11
MW-13
BW-1A
CC-3RR
CC-4S
CC-5A
MW-IS
MW-2S
MW-4A
MW-9A
MW-11
MW-13

16
30
19
<0.5
30
23

December 2002

December 2005

(ug/L)

-

4
2
27.4
39.8
16.6
<1
26
26.3
<1
1.6
8.7
4
16
9.2
15
<1
7
14
-

0.26
3.1
2.2

From 2002 to 2005, TCE in the Shallow Groundwater Zone seems to be
decreasing, even though a spike in many wells was seen in 2002. Figures 8A-8G also
shows this decreasing trend in the concentration of TCE in the wells from 2002 to 2005.
Overall, 7 wells have maintained a high concentration of TCE between 2000 and 2005.
Water in these 7 wells do not comply with NJWQS, therefore, it does not appear that
TCE is decreasing over time in this zone.
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6.3 Intermediate Groundwater Zone
The Intermediate Groundwater Zone shows contamination of TCE, cis 1,2 DCE
and Vinyl Chloride. A total of eight wells have been found that exceed the NJWQS for
cis 1,2 DCE, which can be seen in Appendix A. Of those, only two, as of 2005, still have
concentrations that exceed the NJWQS.

Most of these wells have decreased to

concentrations below 70 pg/1, which is the NJWQS for cis 1,2 DCE.
TCE in the Intermediate Groundwater Zone is found in very high concentrations.
Figure 9A depicts the plume of TCE in the Intermediate Groundwater Zone in 2000.
TCE concentrations can be seen in Table 3 below.
Table 3: TCE Concentration in the Intermediate Groundwater Zone
Tim e

W ell

C oncentration

January 2000

BW-1SR
BW-1DR
CC-1R
CC-1D
CC-2R
CC-2D
CC-3D
CC-4R
CC-4D
CC-5SR
CC-5DR
MW-ID
MW-2D
MW-3S
MW-3D
MW-4S
MW-5
MW-6D
MW-6S
MW-7D
MW-8D
MW-9
MW-10
MW-12
MW-14
MW-14S
PW-1

24
1015
7
14
34
11
63
420
420
25
130
98
47
310
140
<0.5
12
130
170
12
90
4
1
13
71
84
430

(Pg/L)
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In 2002, Figure 9B, the plume shows a very high concentration of TCE in the
north which stretches south east.

It seems that there is a larger area with a higher

concentration of TCE at the site in 2002
Table 4: TCE Concentration in the Intermediate Groundwater Zone
Tim e

W ell

C oncentration (jig/L)

December 2002

BW-1SR
BW-1DR
CC-1R
CC-1D
CC-2R
CC-2D
CC-3D
CC-4R
CC-4D
CC-5SR
CC-5DR
MW-1D
MW-2D
MW-3S
MW-3D
MW-4S
MW-5
MW-6D
MW-6S
MW-7D
MW-8D
MW-9
MW-10
MW-12
MW-14
MW-14S
MW-15A
MW-15B
PW-1
PW-3R

36.1
816
11.3
38.3
59.3
19.1
92.8
42.5
296
25
108
121
38.6
32.9
438
<1
25.8
96.2
84.2
25.2
121
4.8
0.59
26.6
71.9
81
119
58
100
852

In the 2005 plume, Figure 9C, the southwest part of the site shows a decrease in
concentrations of TCE in comparison to the 2000 and 2002 values. In 2002, the TCE in
the eastern portion of this site increased in concentration while in 2005 the eastern part of
the site once again decreased.
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Table 5: TCE Concentration in the Intermediate Groundwater Zone
Tim e

Well

C oncentration (ug/L)

December 2005

BW-1SR
BW-1DR
CC-1R
CC-1D
CC-2R
CC-2D
CC-3D
CC-4R
CC-4D
CC-5SR
CC-5DR
MW-ID
MW-2D
MW-3S
MW-3D
MW-4S
MW-5
MW-6D
MW-6S
MW-7D
MW-8D
MW-9
MW-10
MW-12
MW-14
MW-14S
MW-15A
MW-15B
PW-1
PW-3R

17
370
5.4
10.1
5.9
5.3
19
17
2.7
22
55
44
13
11
7.3
<1
12
53
35
11
65
0.87
0.25
16
2.7
22
22
24
23
0.95

From 2000 to 2005 there was a decrease in the concentration of TCE in the
Intermediate Groundwater Zone, but many wells still have concentrations well above the
NJWQS limit of 1 pg/L. By examining figure 10A-10C, it is clear that in 2002 there was
a spike in the concentration of TCE in the Intermediate Groundwater Zone. This spike
seems to have decreased in 2005. However, in Figures 10D-10F it is clear that some
wells had a spike in TCE concentration in 2000. Once again, after that initial spike, a
decrease in TCE concentration can be seen. In 2000, there were 25 wells that were above
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the NJWQS for TCE with 3 wells excluded because no data was available. In 2005 there
were 26 wells that had TCE concentrations above NJWQS.
Table 6 below lists the thirty wells that are considered to be part of the
Intermediate Groundwater Zone. Of these thirty, only eight of the wells have Vinyl
Chloride concentrations that never exceeded the NJWQS.

Nine of the wells that

originally contained a high concentration of Vinyl Chloride are now within NJWQS.
However, the remaining thirteen wells still contain concentrations of Vinyl Chloride that
exceed the NJWQS, but the concentrations appear to be decreasing. For six of these
wells, BW-1DR, CC-4R, CC-5DR, MW-3S, MW-3D and PW-1, the concentrations,
despite the initial decrease, have recently begun to increase.
Figure 11A depicts the plume of Vinyl Chloride in 2000. Concentrations of the
wells in this zone can be seen below in Table 6. The southwest corner of the plume has
the highest concentration.

In the eastern part of the site the concentration of Vinyl

Chloride is very low with the exception of the well along Arlington Avenue. The plume
appears to be spreading towards the northwestern part of the site.
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Table 6: Vinyl Chloride in the Intermediate Groundwater Zone
Tim e

W ell

C oncentration (tig/L)

January 2000

BW-1SR
BW-1DR
CC-1R
CC-1D
CC-2R
CC-2D
CC-3D
CC-4R
CC-4D
CC-5SR
CC-5DR
MW-ID
MW-2D
MW-3S
MW-3D
MW-4S
MW-5
MW-6D
MW-6S
MW-7D
MW-8D
MW-9
MW-10
MW-12
MW-14
MW-14S

<1
<25
<2
<5
<2
<1
<2
9
86
5
13
<2
1
75
7.3
<1
<1
12
190
<1
<2
<1
<1
<1
3
<6

In 2002, Figure 11B, it is clear that the plume is not as spread out. The high
concentrations are limited to the southwest comer of the site. According to Table 7
below, most of the concentrations of Vinyl Chloride have also decreased. MW-3S and
CC-4R decreased in concentration of Vinyl Chloride.
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Table 7: Vinyl Chloride in the Intermediate Groundwater Zone
Tim e

Well

C oncentration

December 2002

BW-1SR
BW-1DR
CC-1R
CC-1D
CC-2R
CC-2D
CC-3D
CC-4R
CC-4D
CC-5SR
CC-5DR
MW-ID
MW-2D
MW-3S
MW-3D
MW-4S
MW-5
MW-6D
MW-6S
MW-7D
MW-8D
MW-9
MW-10
MW-12
MW-14
MW-14S
MW-15A
MW-15B
PW-1
PW-3R

<1
<5
<2
<1
<1
<1
1.6
45.2
79.7
2.4
8.9
<1
<1
54.3
118
<1
<1
53.1
395
<1
<1
<1
<1
<1
1.5
2.2
<1
<1
47.9
4.9

(fig/L)

In 2005 the highest concentrations of Vinyl Chloride can be seen below on Table
8. Figure 11C depicts the plume in December 2005. It seems that the plume is spreading
out from its previous position in 2002. The concentrations are a bit lower than before,
but the plume is, once again, spreading out to the northern and eastern part of the site.
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Table 8: Vinyl Chloride in the Intermediate Groundwater Zone
Tim e

W ell

C oncentration
(Pg/L)

December 2005

BW-1SR
BW-1DR
CC-1R
CC-1D
CC-2R
CC-2D
CC-3D
CC-4R
CC-4D
CC-5SR
CC-5DR
MW-ID
MW-2D
MW-3S
MW-3D
MW-4S
MW-5
MW-6D
MW-6S
MW-7D
MW-8D
MW-9
MW-10
MW-12
MW-14
MW-14S
MW-15A
MW-15B
PW-1
PW-3R

<1
<10
<1
<1
<1
<1
<1
35
17
2
10
<2.5
<1
32
45
<1
<1
5.5
65
<1

<4
<1
<1
<1
0.21
0.85
<1
<1
11
9.5

Overall, concentrations of Vinyl Chloride seem to be decreasing from the original
values of 2000. Some wells show a very high increase in concentration in 2002, but all
of these values have decreased in 2005. In 2000 there were 18 wells that were considered
to be above NJWQS of Vinyl Chloride. In 2005 only 13 wells remained above the
NJWQS.
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6.4 Deep Groundwater Zone
The Deep Groundwater Zone shows contamination of all three compounds. In
Figure 12A, the plume of TCE concentration in the Deep Groundwater Zone is depicted.
The plume seems very spread out over the site. Table 9 below shows the concentrations
at each well.
Table 9: TCE in the Deep Groundwater Zone
Tim e

W ell

C oncentration (|ig/L)

January 2000

P-1R
P-2R
P-3R
P-4R
P-5
P-6
P-7
P-8

1400
7
84
6
14
52
120
23

Figure 12B shows the plume in 2002. The plume still seems to be spreading out
and increasing the concentration of TCE from the western part of the site to the eastern.
Table 10 shows the concentration in the wells in 2002. In general, almost all of the wells
in 2002 have increased in amounts of TCE with the exception of P-1 R.
Table 10: TCE in the Deep Groundwater Zone
Tim e

W ell

C oncentration (ug/L)

December 2002

P-1R
P-1D
P-2R
P-3R
P-4R
P-5
P-6
P-7
P-8
P-9

1180
2315
41.8
670
47.4
34.2
79.3
147
32.7
220

In 2005, (Table 11), almost all of the wells show a decrease in concentration as
compared to the 2002 levels. The plume in Figure 12C also exhibits a decrease in
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concentration of the plume, but shows that the plume is still spreading away from the
northern and south western point of the site. All wells except for P-1D have decreased in
concentration of TCE from 2002.
Table 11: TCE Concentration in the Deep Groundwater Zone
Tim e

W ell

C oncentration (ug/L)

December 2005

P-1R
P-1D
P-2R
P-3R
P-4R
P-5
P-6
P-7
P-8
P-9

160
3100
21
11
13
21.5
53
94
11
78

The high increase in concentration of TCE in the Deep Groundwater Zone can
also be seen by examining the concentration plots in Figure 13A-13E. Each of these
plots shows a specific well in this Groundwater Zone. The 2002 values shows a spike,
which decreases in 2005. However, in Figure 13F, a high increase in concentration of
TCE is seen during the year 2000. In 2005 the concentration is almost at 0 pg/L. Eight
wells had concentrations that were above the NJWQS in 2000. In 2005 only five wells
maintained concentrations above this standard.
Cis 1,2 DCE is also found in higher concentrations than in the Perched, Shallow
or Intermediate Groundwater Zone. In 2000 (Figure 14A) shows the plume moving south
west. The concentration of cis 1,2 DCE can be seen in Table 12 below.
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Table 12: C is 1,2 DCE in the Deep Groundwater Zone
Tim e

W ell

C oncentration (jig/L)

January 2000

P-1R
P-2R
P-3R
P-4R
P-5
P-6
P-7
P-8

790
2
2
1
2
2
5
2

Table 13 shows the 2002 concentrations of cis 1,2 DCE. All concentrations
increased during 2002.

Figure 14B shows the plume that results from these

concentrations. The plume appears to be spreading both south, as seen before, but also
northeast.
Table 13: C is 1,2 DCE concentration in the Deep Groundwater Zone
Tim e

W ell

C oncentration

December 2002

P-1R
P-1D
P-2R
P-3R
P-4R
P-5
P-6
P-7
P-8
P-9

1870
263
6.2
555
5.6
4
2.9
6.9
3.1
3.3

(ug/L)

Table 14 shows a decrease in these high concentrations. In general, cis 1,2 DCE
seems to be decreasing from the high spike in concentrations that occurred in 2002, but
are still considered well above the NJWQS. Only one well exhibited concentrations
above the NJWQS in 2000. However, three wells do not comply with NJWQS limit by
2005. The plume, seen in Figure 14C, is spreading out in all directions along the site.
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Table 14: C is 1,2 DCE concentration in the Deep Groundwater Zone
Tim e

W ell

C oncentration (ug/L)

December 2005

P-1R
P-1D
P-2R
P-3R
P-4R
P-5
P-6
P-7
P-8
P-9

1600
230
3.5
540
3.9
2.9
2.5
14
2.8
45

Vinyl Chloride can also be seen in high concentrations in this Zone as compared
to the three other Zones. Table 15 below shows that in 2000 the highest concentration of
Vinyl Chloride was found at well P-1R. Figure 15A depicts the plume that is created
from these concentrations. This plume seems to spread through the middle of the site.
Table 15: Vinyl Chloride in the Deep Groundwater Zone
Tim e

W ell

C oncentration (jxg/L)

January 2000

P-1R
P-2R
P-3R
P-4R
P-5
P-6
P-7
P-8

25
<1
<2
<2
<1
<2
<5
<1

Table 16 shows that in 2002 the outer edges of the site have concentrations less
than 1 pg/L, but P-1D shows elevated levels of Vinyl Chloride.
increased levels of Vinyl Chloride.

P-1R also shows

In 2002, the plume (Figure 15B) seems to be

spreading in all directions except for northwest.
concentration have become much closer together.
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The contours that represent

Table 16: Vinyl Chloride in the Deep Groundwater Zone
Time

W ell

C oncentration (jug/L)

December 2002

P-1R
P-1D
P-2R
P-3R
P-4R
P-5
P-6
P-7
P-8
P-9

46.2
107.5
<1
<1
<1
<1
<1
<1
<1
<1

In 2005 the concentration of Vinyl Chloride in well P-1R (Table 17) can be seen
decreasing. The plume, as seen in Figure 15C, is more evenly spread out and consistently
covers most of the site. Overall, concentrations of Vinyl Chloride exceeded the NJWQS
limit in five wells in 2000. In 2005, six wells have concentrations that are above this
standard.
Table 17: Vinyl Chloride in the Deep Groundwater Zone
Tim e

W ell

C oncentration (ug/L)

December 2005

P-1R
P-1D
P-2R
P-3R
P-4R
P-5
P-6
P-7
P-8
P-9

24
120
<1
5
<1
<1
<2
<5
<1
<2.5

The first line of evidence is to show that the concentration of mass and/or
contaminant is decreasing over time. Both the plumes that were created and the tables
found above, indicate that the concentration is not consistently decreasing over time. The
concentrations can be seen more than doubling from one year to the next. Therefore,
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while the decrease in concentration of TCE supports natural attenuation, the increase in
contaminant does not support natural attenuation.

7.0 Secondary Evidence: Geochemical Analysis
In order to establish secondary lines of evidence geochemical field data was
gathered from Cummings/Riter (2006).

Charts were created based upon the

concentration of the geochemical parameters oxygen, nitrogen/nitrate, iron, sulfate,
carbon dioxide and methane
There was not enough data to create graphs pertaining to the initial amount of
oxygen found at the site. However, field data from Cummings/Riter (2006) have been
used to create plots of concentration versus time. By examining Figure 16A-16C, which
represents plots of oxygen in 2005, it is clear that oxygen has decreased with time, during
2005, but is still seen at high concentrations. Well PW-1 (Figure 16A) shows an overall
increase in oxygen from 2004-2005.

Well CC-4D (Figure 16B) has an initial

concentration of almost zero milligrams/Liter (mg/L). This concentration increases to
208 mg/L and then decreases to a final concentration of 117 mg/L. PW-3R (Figure 16C)
shows the concentration of oxygen in well PW-3R. In March 2005 the concentration is
9,710 mg/L, but decreases by June of that same year to 1,830 mg/L.
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Figure 16A: Oxygen Concentration in Well PW-1

Figure 16B: Oxygen Concentration in Well CC-4D
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Figure 16C: Oxygen Concentration in Well PW-3R

10/20/2004

3/31/2005

4/13/2005

5/18/2005

6/22/2005

Time

Figures 17A and 17B show the trend in nitrogen/nitrate in 2005. PW-1 (Figure
17A) shows that the nitrogen/nitrate concentration has increased and decreased, but in
June 2005 can be seen increasing. CC-4D (Figure 17B) shows an initial decrease in
concentration over this time and then it seems to level off at 0.9 mg/L. Well PW-3R
(Figure 17C), shows the same initial decrease in concentration.
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Figure 17C: Nitrogen, Nitate in Well PW-3R
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Figures 18A, 18B and 18C are plots of total iron concentration versus time in
2004 and 2005. Cummings/Riter (2006) did not provide field data for ferric iron versus
ferrous iron so total iron is shown. PW-1 (Figure 18A) shows decreasing and increasing
concentrations of iron.

However, since the April 2005 reading, it seems that iron

concentration is decreasing in this well. Iron concentration in CC-4D (Figure 18B)
shows an initial increase, followed by a decrease in iron concentration. PW-3R (Figure
18C) shows a steep upward trend in iron concentration to a concentration of 9 mg/L.

Figure 18A: Iron Concentration in Well PW-1

10/19/2004

3/31/2005

4/13/2005

5/18/2005

6/22/2005

Time

Figure 18B: Iron Conentration in Well CC-4D

10/20/2004

3/30/2005

4/13/2005

5/18/2005

6/22/2005

Figure 18C: Iron Concentration in Well PW-3R

Figures 19A, 19B and 19C depict sulfate concentration versus time in 2004 and
2005. There is a slight increase in sulfate in well PW-1 (Figure 19A), followed by a
decrease, and then a slow increase to slightly above the initial value.

Well CC-4D

(Figure 19B) shows an initial decrease, followed by a period where iron concentration
leveled out and then an increase in concentration.

PW-3R (Figure 19C) shows an

increase in sulfate followed by a decrease in sulfate over the last 4 months.
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Concentration (milligrams/Liter)

Figure 19A: Sulfate Concentration in Well PW-1

Concentration (milligrams/Liter)

Figure 19B: Sulfate Concentration in Well CC-4D
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Figure 19C: Sulfate Concentration in Well PW-3R
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In Figures 20A, 20B and 20C the concentration of carbon dioxide versus time is
plotted. Wells PW-1 and CC-4D, Figures 20A and 20B respectively, show an initial
increase in carbon dioxide. This increase is soon followed by a sharp decrease, and then
by another increase in carbon dioxide concentration.

On the other hand, in PW-3R

(Figure 20C) many increases and decreases over the past year are visible, but a decrease
in the trend of carbon dioxide can be seen in the last reading.

Figure 20C: Carbon Dioxide Concentration in Well PW-3R

The methane concentration can be seen by examining Figures 21A-21C. A fourth
data point was not available since many of the readings of Methane in these wells were
not measured. Data for PW-1 (Figure 21 A) shows an initial increase followed by a
decrease in the concentration of Methane. CC-4D and PW-3R (Figures 21B and 21C)
both show a large increase in methane concentration from May to June 2005. Overall
there seems to be a marked increase in the amount of methane present in the readings. It
is important to note that both carbon dioxide and methane are measured in pg/L, while
oxygen, nitrogen/nitrate, iron and sulfate are measure in mg/L.

Time

Figure 21B: Methane Concentration in Well CC-4D
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Figure 21C: Methane Concentration in Well PW-3R
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The dechlorination of TCE or PCE results in the accumulation of dichloroethenes
and Vinyl Chloride. Windholz (1983) states that Vinyl Chloride is more toxic than PCE
and TCE and can cause health problems so it is important to make sure that Vinyl
Chloride will be completely converted in the degradation process. According to Witt et
al. (2002) the anaerobic zone is where the concentration of oxygen is less than 1 mg/L.
None of the wells in this study were found to have concentrations of oxygen below 1
mg/L. When nitrogen/nitrate is below 2 mg/L it can be characterized as anaerobic (Witt
et al. 2002). Of the seven wells studied at this site only two of these wells in the June
2005 data had readings of nitrogen/nitrate greater than 2 mg/L. The other five wells had
reading of less than 2 mg/L. Therefore, nitrogen/nitrate concentrations can be considered
low at the site. Iron concentration was also found to be low (less than 5 mg/L) at the site.
Sulfate concentrations were found to be very high in all the wells at this site. Low sulfate

concentrations would range from 1 to 3 mg/L (Witt et al. 2002). However, all the wells
in this study have sulfate concentrations of approximately 10 mg/L. Carbon dioxide and
Methane concentrations, which are measured in pg/L, seem to be very high at the site if
just the number is examined. But, keeping in mind that oxygen, nitrogen/nitrate, iron and
sulfate are measured in mg/L, the carbon dioxide and methane concentrations should be
considered low at this site.
Since oxygen can still be seen above 1 mg/L, it can be concluded that this site is
an aerobic environment. Unfortunately, degradation of TCE occurs most readily in an
anaerobic environment, in particular during reductive dechlorination.

In an aerobic

environment, this degradation process takes longer and for that reason may not be
considered to be occurring in a “reasonable time frame” at the study site. Therefore, an
aerobic environment does not support natural attenuation.
Contrary to the above conclusion, Cummings/Riter (2006) determined that
anaerobic biodegradation was occurring at the site based on a point system developed by
the EPA (1998) and the presence of daughter product. Based on the concentration of
oxygen, nitrate, iron, sulfate, methane, hydrogen and contaminants in the most
contaminated zone, a point system developed by the EPA (1998) was used to determine
whether evidence for anaerobic biodegradation, also known as reductive dechlorination,
of chlorinated organics exists. If the score is between zero and five the EPA states that
there is inadequate evidence for anaerobic biodegradation. A score of six to fourteen
shows limited evidence, while a score between fifteen and twenty provides adequate
evidence for anaerobic biodegradation. If the score is above twenty the data shows strong
evidence for anaerobic biodegradation.
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In 2002 Cummings/Riter (2003) sampled 22 monitoring wells to determine if
natural attenuation parameters existed at the study site. They also followed screening
procedures to determine if natural attenuation was occurring in groundwater. Two wells
from each hydrostratigraphic zone were chosen to be evaluated: CC-4S, MW-1S, CC4R, MW-3S, P-1D and P-3R. Wells MW-1S, CC-4R and MW-3S had limited evidence
that natural attenuation was occurring (between 6 and 14 points). The other three wells
had 5 points or fewer and did not provide adequate evidence for natural attenuation. As
background wells were not available to Cummings/Riter (2003), they believed that the
scores were biased low.
Another piece of evidence, which is used as a second line of evidence is the
presence of daughter product. Cummings/Riter (2003) believe that the presence of
daughter product is a primary indication that natural attenuation is occurring naturally.
The daughter products being examined are created from TCE and are as follows: cis 1,2
DCE and Vinyl Chloride. By examining the field data provided by Cummings/Riter
(2006) it is evident that daughter products of TCE can be seen at the site. Even though
the aerobic environment does not support natural attenuation, the presence of daughter
product at the site does support natural attenuation.

8.0 Modeling Groundwater Flow and Contaminant Transport
8.1 General Summary o f the Purpose o f Groundwater Flow
Based on the primary and secondary lines of evidence it seems that natural
attenuation has been and is occurring at the site. However, the type of natural attenuation
occurring is aerobic. Since the main contaminants at the site are chlorinated solvents and
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reductive dechlorination, or anaerobic biodegradation, will produce the optimal rates of
natural attenuation it does not seem as if natural attenuation is the best choice to
remediate this site.
In order to further determine whether natural attenuation is the best choice, a
groundwater flow model was created based on data from Cummings/Riter (2006). The
data was placed into the Groundwater Modeling System 6.0 (Engineering Computer
Graphics Laboratory 1996) package. The resulting model was scaled down to a local
model and groundwater flow was determined for the local model. Finally, using RT3D
(Clement et al. 1997), the contaminant was placed into the groundwater flow in order to
predict the length of time that these contaminants will remain in the groundwater, along
with the time-dependent concentration of the contaminant. By doing this, it can be
determined if natural attenuation will remediate the site in a “reasonable time frame.”

8.2 Conceptual Model-Regional
The site of study is located in the Piedmont Physiographic Province, within the
Newark Basin. This area is characterized by gently rolling hills and lowlands. The
Watchung Mountains are located west of the site and trend northeast-southwest.

The topography of the site is generally flat with some variations. The regional
elevation for most of the modeled area varies from 6 meters above mean sea level (msl)
to approximately 48.7 meters above msl. However, the western boundary of the domain
reaches heights of 182.8 meters above msl since this boundary encompasses the First
Watchung Mountains.
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There are no clear natural boundaries north or south of the site as seen from
Figure IB. Therefore, both the north and south boundaries were chosen because they are
located a sufficient distance away from the site. The northern boundary chosen for this
domain is Joralemon Street. The southern boundary is Route 280. The eastern boundary
and western boundary correspond to the Passaic River and the First Watchung
Mountains. The water table is assumed to parallel the topography, which was specified
to generate flow. The bottom boundary is approximately 304 meters deep and is within
the bedrock.

8.3 Numerical Model-Regional
The selected code used in this Thesis is MODFLOW (McDonald and Harbough
1988), which is a part of the Groundwater Modeling System (GMS) 6.0 (Engineering
Computer Graphics Laboratory 1996) package. The conceptual model of the study done
in the previous section was converted to a numerical model using the GMS package. The
grid model approach was used with MODFLOW code. The numerical model (Figure 22)
contains 18 rows, 28 columns, 20 layers and 10,080 cells. The northern and southern
boundaries of the model are assumed to be no flow boundaries, because the boundaries
are located far away from the site of interest. The eastern and western boundaries were
also assigned no flow conditions because of flow symmetry below the Passaic River and
the Watchung Mountains.
The model was simplified to have two geologic layers instead of the three
geologic layers discussed in section 3.2. The first two geologic layers, the artificial till
and Pleistocene glacial deposits, are both very thin and have many similarities in
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composition and physical properties, thus these units were combined in the model.
Therefore, much of the model will represent the Brunswick formation bedrock that is
found in the area. There is no reported data that indicates the presence of faulting near
the site, so vertical conductivity is not considered to be a major factor in this model. The
hydraulic conductivity based on the geology of layers 1 and 2 are 0.00003 meters/day and
0.000003 meters/day.

8.4 Regional Findings
By using the topography to simulate the water table and MODFLOW to model
the groundwater flow, it can be determined (Figure 22) that there does appear to be a
regional flow system of groundwater in this area. That is, there is continuous flow from
the highest elevation at the Watchung Mountains to the lowest elevation at the Passaic
River in the east. The flow vectors in this figure show the speed of groundwater is much
higher in the west due to the Watchung Mountains which creates larger velocity vectors.
It is evident that the flow velocity decreases eastward since, as represented by the colors
of the arrows, colors change from red and green near the Watchung Mountains in the
west to light blue and dark blue moving east. Although there does seem to be a regional
flow system from west to east, there are some areas where groundwater seems to
discharge in the middle of the domain without completing the regional flow to the east.
However, it is likely that most of the water in this area will eventually discharge into the
Passaic River.
According to Toth (1963), a local flow system develops between a topographic
high (recharge area) and a topographic low (discharge area).
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An Intermediate flow

system consists of several topographic lows intervening between recharge and discharge
areas. A regional flow system has its recharge area at the highest part of the groundwater
basin and its discharge area at the lowest part of the basin. Figure 23 shows a hydraulic
cross section from west to east across the study area, which allows for interpretation of
the flow system. It is evident that there are many areas of recharge in this cross-section.
A regional flow system is not visible in this cross-section since the vectors do not connect
from the highest topographic point to the lowest.
In Figure 24, which is a north to south cross section of the area, most of the
groundwater below the top layer between the Westinghouse Site and Glen Ridge is
flowing in the west to east direction. Therefore, most of the vectors in that area are
pointing into the picture and cannot be seen in this north to south cross section. Between
Route 280 and Newark both recharge and discharge zones can be seen. An Intermediate
flow system can be seen in this portion of the cross section.
A second regional model was created with all of the same data and information
except the hydraulic conductivity was altered to match data taken from the Westinghouse
Site in Bloomfield. Since the actual site is only one cell within the domain, the main
model uses generalized hydraulic conductivity for that area based on the description of
the geology.

The hydraulic conductivity for this second regional model was 45.3

meters/day for layers 1 to 4, 5.05 meters/day for layers 5 to 10 and 3.98 meters/day for
layers 11 to 20.
By comparing Figures 22 to Figure 25, it is clear that the flow of groundwater in
the bottom layer is similar despite the difference in hydraulic conductivity. Figures 23
and 26 are both hydraulic cross-sections of column 7 in each model and it is clear that
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there is not a major difference between these two figures.

The same recharge and

discharge areas can be seen near the Watchung Mountains to the Westinghouse Site in
each Figure and an Intermediate flow system can be identified in each as well. The
similarities are also found in Figures 24 and 27. In each cross section, water in the area
between the Westinghouse Site and Glen Ridge flows west to east, so that the vectors
seem to point into the picture in this section. However between Route 280 and Newark
there are areas of recharge and discharge as well as an Intermediate flow system.
A calibration for each model was carried out. In the original regional model, the
discharge input equaled the discharge output. According to Ophori and McGill (2000)
the average recharge rate of this area is 0.254 meters/year. The inflow and outflow in the
first regional model were calculated to be 435.42 meters /year. In order to obtain a one
dimensional number this number is divided by the area and becomes 0.000023
meters/year. To calibrate this number it should be compared to 0.254 meters/year upon
which it is evident that there are a couple of orders of magnitude of difference. The
second regional model calculated an inflow and outflow rate of 770609584.6
meters /year. Using the same procedure this number is divided by the one dimensional
area and the number becomes 42.1 meters/year. Again, this number is compared to
Ophori and McGill’s average recharge rate of 0.254 meters/year. This calibration is
closer in magnitude to the estimated average recharge rate. The reason this calibration
was performed was to determine which model is closest to the known recharge rate.
As a general rule, the flow pattern in a model will remain similar if the hydraulic
conductivity is changed, but the magnitude of the vectors will change. Therefore, the
direction groundwater flows should not be affected by this change. In fact, this is the
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case in these two models. While the magnitude of the vectors has clearly changed in
magnitude, the flow pattern of groundwater has not changed.

Since there is such a

difference in the calibrations of the two models, to create the local models the second
regional model will be used, since it is closest to the known recharge rate, which utilizes
an average hydraulic conductivity gathered from Cummings/Riter (2006) field data.

8.5 Conceptual Model - Local
The boundaries for this model were taken from the regional model. The western
boundary will be column 9 and the eastern boundary will be column 20. The northern
boundary will be row 5 and the southern boundary will be row 15. These boundaries can
be seen on Figure 28.
The Perched Groundwater Zone is only found in a very small portion of the site in
the southwest corner so that Zone will not be used in the local model. Therefore, this
model has three hydrogeologic layers each with its own hydraulic conductivity.

For a

more local site-specific analysis of the flow and contaminant movement conditions of the
Westinghouse Site, it was necessary to construct a smaller-scale model of the site.
8.6 Numerical Model-Local
The local model (Figure 29) contains 11 rows, 12 columns, 20 layers and 2640
cells. Boundary conditions for the local model were obtained from the results of the
regional model. Thus, known heads were specified at the top surface and all vertical
boundaries of the local model.
The local model retained the three hydrogeologic layers, of the earlier regional
model. Rocks in the Shallow Groundwater Zone have a hydraulic conductivity range of
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1.1 to 90.3 meters/day in the confined areas and 1.0 to 30.6 meters/day in the unconfined
areas. The hydraulic conductivity for this layer in the model will be 45.3 meters/day,
which is the average of the confined and unconfined areas.

The Intermediate

Groundwater Zone which occurs throughout the site has a hydraulic conductivity range of
0.00005 to 6.3 meters/day in the confined areas and 0.00005 to 10.1 meters/day in the
unconfined areas. The average hydraulic conductivity for this layer in the model will be
5.06 meters/day. The Deep Groundwater Zone has a hydraulic conductivity range of 0.05
to 7.8 meters/day in the confined areas and 0.05 to 5.7 meters/day in the unconfined
areas. The average hydraulic conductivity for the Deep Groundwater Zone used in the
model will be 3.98 meters/day.

8.7 Local Findings
The local model showed that the groundwater flows from west to east around the
site with no local areas of discharge. Figure 29 depicts the bottom layer of the local
model. It is clear that the velocity of flow vectors decreases moving from the west to the
east since the arrows change from yellow, red and green in color to light blue and dark
blue from the west to the east across the site. In the center of the model, near the
Westinghouse Site, the velocity of flow is fairly consistent. In Figure 30, the vectors
appear to be longer than in Figure 31 because the flow is more dominant in the west to
east direction. A local flow system is also represented in the west to east cross-section of
Figure 30.

Near the Westinghouse Site the vectors are parallel, indicating that

groundwater flows unidirectionally across the site. Figure 31 illustrates a north to south
cross section of the local model area. The groundwater in column 7 seems to be flowing
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in a local flow system. The vectors near B are parallel and flow across to the vectors near
the Westinghouse Site. The vectors in this figure are much smaller in magnitude than in
Figure 30, which is a west to east cross section along row 6. This means that some of the
flow in Figure 31 is west to east rather than north to south so less of the flow is visible in
the north to south cross section.
For comparison and calibration, a second local model was constructed. In this
second model, specified heads were assigned at every cell in the top layer. In the first
local model, specified heads were assigned along all the boundaries, but head was not
assigned to any cells in the middle. The specific heads for layer one were obtained from
the regional model and the second local model was run. Figure 32 represents the bottom
layer of the second local model with specified heads. This figure shows a different flow
pattern from that in Figure 29. Figure 29 shows unidirectional groundwater flow from
the west to the east. Figure 32 on the other hand, shows flow from the west to the east,
but with a major area of discharge in the middle of the model. This area of discharge is
not represented in the first local model (Figure 29). Figure 33 is a cross section from
west to east along row 6 of the second local model. Flow in most of this area consists of
discharge zones with a clear recharge zone in the middle near the Westinghouse Site.
Many more recharge zones can be seen in Figure 34 which is a cross section along
column 7 from north to south. This section consists mainly of recharge zones with three
discharge zones, two of which are near East Orange.
These figures show that the addition of the surface relief in the top surface layer
makes a difference in groundwater flow. The addition of the surface relief adds more
details to the recharge and discharge pattern of the local model. The west to east flow of
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water is retained in both models, but a major discharge area is also present in the second
model.
In order to determine which of the two local models describes the flow conditions
more accurately, simulated heads in both models were compared with head data that was
reported earlier by Cummings/Riter (2006). This comparison indicated that the second
local model was more representative of the flow conditions thus this second model was
selected for use in the following contaminant transport modeling at the site.

9.0 Contaminant Transport Modeling
In order to determine whether natural attenuation is the best remediation action at
this site, the length of time that will be required for complete natural attenuation to occur
needs to be considered. There are many different models that can be used to analyze fate
and transport of contaminant plumes.

BIOPLUME-III, which is a two-dimensional

model, can be used to predict the fate and transport of hydrocarbons that degrade through
aerobic reactions (Rifai et al. 1997). Another program that can be used for contaminant
fate and transport analysis is RT3D (Clement et al. 1997).

Clement et al. (1997)

developed a set of reactive transport equations for hydrocarbon decay and transport under
aerobic and sequential anaerobic conditions and used RT3D coding to solve the model
equations. Clement et al. (1998) developed a first order, sequential degradation reaction
model for predicting anaerobic degradation of solvent chemicals such as TCE and applied
the RT3D code to solve the transport equations. Since the main contaminants in this
study are TCE and its degradation products, RT3D will be used for the proposed
simulations of a remediation scenario for the site.
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In RT3D many parameters must be completed before the simulation can be
successful. There were three packages that were chosen to help simulate the transport:
advection package, dispersion package and chemical reaction package. The porosity for
the simulation is a default and is set at 0.3. Unfortunately, the beginning concentrations
are not available as a result of poor well installments. Normally, a starting concentration
of zero would be placed in the layer data section. However, since this portion of the
study is trying to determine the length of time the contaminant will remain at the site, the
starting concentration was taken from recent data published by Cummings/Riter (2006).
Next, a length of time for the simulation to run needs to be determined. For some
of the simulations 30 stress periods were assigned each lasting a year. For the calibration
portion the stress periods were 180 days and only lasted for five years since the purpose
was to compare it to existing data.
In the advection package the standard finite difference method was chosen. The
dispersion package requires a value for longitudinal dispersivity (10) and TRPT (0.3),
which represents the ratio of horizontal transverse dispersivity to longitudinal
dispersivity.
Then, because the breakdown of TCE to its daughter products is a degradation
reaction, sequential decay reaction was chosen as the chemical reaction package. The
sequential decay rates calculated by Clement et al. (1998) in the RT3D program are 0.003
per day, 0.002 per day and 0.001 per day respectively for TCE, DCE and Vinyl Chloride.
An et al. (2004), studied TCE contamination at the St. Joseph site in Lake Michigan, and
determined degradation rates that ranged from 0.3 to 1.7. Therefore, it seems that the
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decay rates that will be used in the RT3D program represent areas with slower
degradation rates than those in the St. Joseph study.
At this point everything has been programmed so MODFLOW is run one last
time and then RT3D runs. The 30 year simulations took two to four hours of computing
time. The five year simulations took approximately forty-five minutes since the stress
periods were smaller.
In order to determine how long natural attenuation would take to thoroughly
remediate the site to a point where it does not pose a risk to human health, 30 stress
periods were created each representing one year. The model would then show the fate
and transport of the contaminant over a thirty year span. Reports by Cummings/Riter
(2006) showed that the highest concentration of TCE in the Intermediate Groundwater
Zone at the site was 2800 pg/1. That was used as the starting concentration for TCE in
layer 5 of the model.

10.0 Results
Figure 35 demonstrates a simulation where a starting concentration of 2800 pg/L
of TCE was placed into the Intermediate Groundwater Zone at layer 5. Layer 8, which is
part of the Intermediate Groundwater Zone, demonstrates that about one month after the
initial concentration, no contaminant is visible in this layer. In Figure 36, 73 days after
the beginning of the same simulation, a small amount of TCE begins to become visible in
layer 8 and continues to grow and spread in size until Figure 37 at 182.5 days into the
simulation, which is about 6 months. At this point the concentration of contaminant
begins to decrease and can no longer be seen in Figure 38 at 730 days. It is important to
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note that even though the contaminant is growing in size it never exceeds the initial
amount of 2800 pg/L.
Since the daughter product of TCE is cis 1,2 DCE that will be examined in layer 8
as well. Over time, the daughter product, in this case cis 1,2 DCE should increase in
concentration and then decrease as it degrades into another daughter produce, Vinyl
Chloride. In layer 8 cis 1,2 DCE first appears in figure 39 at 73 days into the simulation.
It continues to grow and expand in size until 365 days or one year into the simulation in
Figure 40 at which point it begins to disappear and is completely gone in Figure 41 after
1095 days or 3 years.
Finally, Vinyl Chloride can be seen in layer 8 beginning at 110 days in Figure 42.
At one year Vinyl Chloride reaches its highest contamination, seen in Figure 43, but
continues to expand in figure 44 and then can be seen splitting into two plumes in Figure
45. Vinyl Chloride can no longer be seen in the simulation after Figure 46, which
represents 2550 days or 7 years. The final amount of Vinyl Chloride throughout all
twenty layers can be found in layer 15 at 2920 days (8 years) into the simulation, but is
no longer on site after this point.
As a result of this simulation it seems that if only natural attenuation were
occurring at this site then all of the contamination should be gone within 8 years, which,
given the high concentrations of contaminant, may seem like a reasonable time frame.
However, this site ceased operation in 1986, which is over 20 years ago. Since no more
TCE was being added by Westinghouse at that point, even as it moved down through the
different hydrogeologic layers, the concentration should not exceed the initial
concentration. However, it is now 2008 and even though the site has been remediated for
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about 20 years not only is the TCE, cis 1,2 DCE and Vinyl Chloride still present, which
does not agree with the RT3D simulation, but all three are still increasing in
concentration.
At this point a second model on RT3D was created to try to calibrate the model.
The Intermediate layer was chosen, but this time a particular well, CC-4R, and its data
was simulated. In January 2000, according to Cummings/Riter (2006), the reading of
TCE at the time was 420 pg/L. That number was placed as the starting concentration for
TCE. Only 11 stress periods were created with each lasting 6 months or half a year. This
would allow a simulation of a little over 5 years. Cummings/Riter (2006) report that in
August of 2000 the TCE reading in CC-4R was between 750 and 820 pg/L. No matter
which layer contained the original pulse of TCE, and no matter which model layer was
examined, the TCE level never approached doubling of its initial concentration. Figure
47 portrays layer 6 only 30 days after the starting concentration. Even at this time the
concentration does not double. This plume continues to increase until 60 days, seen in
Figure 48, at which point the plume decreases and is not found in this layer after 1 year
(Figure 49).

11.0 Conclusion
First, using the primary line of evidence plumes were created to analyze the
contaminant mass and/or decrease in contaminant over time. In order to create these
plumes, data from Cummings/Riter (2006) were gathered and plotted on a site map.
From this map contour lines were drawn based upon the concentration in each of the
wells. Based on where the plumes that were created, it is clear that this site is still
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contaminated. In addition, while the concentration of TCE is seen decreasing at the site
does support natural attenuation, the fact that the concentration of TCE can also be seen
increasing over time does not support the idea that natural attenuation is occurring at this
site.
The second line of evidence does not clearly show support for or against natural
attenuation either. Based on the geochemical parameters it seems that the concentration
of oxygen is too high (above 1 mg/L) for the site to be considered anaerobic. Since an
anaerobic environment is optimal for natural attenuation of TCE, the fact that this site is
an aerobic environment does not support natural attenuation. However, daughter product
of TCE is visible at the site both as cis 1,2 DCE and Vinyl Chloride. The presence of
daughter product of TCE supports the idea that natural attenuation does exist at this site.
Based on the RT3D model and the calculated degradation rates of Clement et al.
(1998) if nothing else were affecting the site, all contamination should be remediated
within 8 years. In a separate run, the degradation rate was reduced to 0.0015 for TCE,
0.001 for cis 1,2 DCE and 0.0005 for Vinyl Chloride. According to this model, it may
take up to 16 years for the contaminants to degrade. At this point, twenty years later, the
parent product, TCE, is still increasing in concentration.
Since the Westinghouse site ceased operation in 1986 it should be assumed that
no contaminants have been added to the site since that time. However, the data does not
support this assumption. It would be hard to almost double the concentration of TCE at a
site where natural attenuation is occurring if there was no outside source. There are
known sites around the Westinghouse Site that have been under remediation of
contaminants including TCE. Therefore, one of the reasons that natural attenuation may
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not be the optimal remediation technique is because there is still contaminant flowing
onto the site.
Although daughter product does support the idea of natural attenuation, the high
oxygen concentration and increase in TCE concentration does not support natural
attenuation as the best method for remediation. However, in order to further examine this
idea, the other question at this point is whether or not natural attenuation at this site will
be remediated within a “reasonable time frame.”

The RT3D models show that

contaminant from this site should be remediated within eight years. Obviously, since
Cummings/Riter are still gathering field data and monitoring the site more then twenty
years later, the contaminant still exists on the site. Not only does it exist, but TCE can
still be seen increasing in concentration. None of the models in RT3D could parallel any
increase in TCE concentration over time. If TCE is still increasing in concentration over
twenty years after operations ceased at this site, it can be concluded that natural
attenuation as a remedial technique is not occurring within a “reasonable time frame.”
As stated earlier by Atteia and Guillt (2006), natural attenuation as a remedial
technique is used by numerous sites with groundwater contamination. According to
Alvarez and Illman (2006), there are many advantages to natural attenuation: it costs less
than active remediation, less waste is generated, there is a reduced potential for cross
media transfer of contamination, reduced risk of human exposure to the contaminant and
it is less intrusive to the environment.

Alvarez and Illman (2006) also discuss the

disadvantages. Notably, it takes a longer time to achieve remediation objectives; the site
characterization may become more complex and more costly; the toxicity of the degraded
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contaminants may be worse then the parent product and long-term monitoring is
necessary during natural attenuation.
Natural attenuation, despite its appealing low cost, does not seem to be the
optimal remediation technique at this site. The main contaminant, TCE, is still increasing
in concentration and the aerobic environment does not support natural attenuation
occurring quickly at the site. In addition, if natural attenuation were the only process
affecting this site, the contaminant should be gone within 8 years of the cessation of
operations. Therefore, either a different technique should be chosen to remediate this
site, or, information as to where the additional contaminant, TCE, could be coming from
should be obtained.
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Figures

Figure IA

Map of New Jersey with the USGS 7.5 minute Topographie Quadrangle Map of
Orange, New Jersey highlighted

MacArthur Avenue

Q)
fa
CU
O
49 meters

ur Avenue

_0J
0U3
l/1
O

49 meters

t/>
a;
QJ
i—

E

o\

QJ
fO
U
to

o

3

a

IS
« Q ÍS S 2 Q ^S ú ^^ as2 g ú 2 9 ú g g .j2
•15 5 íqcdú, ci. u u 2 2 2 u u 2 ( j u 2 2 2 ü o 2 2 o ¿ 2 2 2 S
=s I i i i I I I I I I I I I I I I I I I I I ! I I I I I I
«avo —Nr^'i'n'Cr'OtiO'. O-Ni’lJ'J'Çr'OOO'O-NJ^Ïf
-

^

fv i ^ f s i r ' i n ( \ | ( N r J ( N ( N f r i n r f i f r i n r ^ m r , m r n ' T ' T ' T T v ^

Figure 3: Geologie Cross-section of the Westinghouse Site

Legend
;Xv Artificial Till
Glacial Deposits
Brunswick Formation

<L>

<
<u
OX)

pH

<U

Figure 4B

Depth (meters above mean sea level)
to water in the Intermediate
Groundwater Zone in 2005

.

Figure 5A

Plume of TCE Concentration (jag/L) in the Perched Groundwater Zone in 2000

49 meters

Figure 5C

Plume of TCE Concentration (jag/L) in the Perched Groundwater Zone in 2005

-d
G
<
uJ)
O
<D
49 meters

o
ocO
¡7)

1/1/2000

9/28/2000

12/12/2002

4/13/2005
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FlowVectors

Figure 22

Groundwater Flow Pattern in a horizontal plain in the study area in the
Deep Groundwater Zone (Arrows indicate direction and color indicates
magnitude of flow(x0.3 m/day)).

Figure 23

Hydraulic cross section from west to east across the site. This cross
section can be seen as A-Al on Figure 22.

I —-Y

Figure 24

Hydraulic cross section from north to south across the site. This cross
section can be seen as B-Bl on Figure 22.

FlowVectors

Figure 25

Groundwater Flow Pattern in a horizontal plain in the study area in the
deep groundwater zone (Arrows indicate direction and color indicates
magnitude of flow(x0.3 m/day)).
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Figure 26

Hydraulic cross section from west to east across the site. This cross
section can be seen as C-Cl in Figure 25.
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Figure 27

Hydraulic cross section from north to south across the site. This cross
section can be seen as D-Dl in Figure 25.
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Figure 29

Groundwater Flow Pattern in a horizontal plain in the study area in th,
Deep Groundwater Zone (Arrows indicate direction and color indicate
magnitude of flow(x0.3 m/day)).
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Figure 30

Hydraulic cross section from west to east across the site Thic
section can be seen as A-Al in Figure 29.
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Figure 31

Hydraulic cross section from north to south across the site. This cross
section can be seen as B-Bl in Figure 29.

Figure 32
8

Groundwater Flow Pattern in a horizontal plain in the study area in the
Deep Groundwater Zone (Arrows indicate directron and color mdtcates
magnitude of flow(x0.3 m/day)).
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Figure 33

Hydraulic cross section from west to east across the site. This cross
section can be seen as C-Cl in Figure 32.
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Figure 34

Hydraulic cross section from north to south across the site. This cross
section can be seen as D-Dl in Figure 32.
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Figure 35

TCE Concentration (p.g/L) in the Intermediate Groundwater Zone 36.5 days into
the 30 year simulation
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Figure 36

TCE Concentration (jug/L) in the Intermediate Groundwater Zone 73 days into
the 30 year simulation
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Figure 37

TCE Concentration (jug/L) in the Intermediate Groundwater Zone 182.5 days into
the 30 year simulation
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Figure 38

TCE Concentration (jLtg/L) in the Intermediate Groundwater Zone 730 days into
the 30 year simulation
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Figure 39

C is- 1,2 DCE Concentration (jLXg/L) in the Intermediate Groundwater Zone 73

days into the 30 year simulation
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Figure 40

C is- 1,2 DCE Concentration (fig/L) in the Intermediate Groundwater Zone 365
days into the 30 year simulation
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Figure 41

C is-\,2 DCE Concentration (jag/L) in the Intermediate Groundwater Zone 1095
days into the 30 year simulation
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Figure 42

Vinyl Chloride Concentration (jig/L) in the Intermediate Groundwater Zone 110
days into the 30 year simulation
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Figure 43

Vinyl Chloride Concentration (|ng/L) in the Intermediate Groundwater Zone 365
days into the 30 year simulation
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Figure 44

Vinyl Chloride Concentration (fig/L) in the Intermediate Groundwater Zone 730
days into the 30 year simulation
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Figure 45

Vinyl Chloride Concentration (jug/L) in the Intermediate Groundwater Zone 1095
days into the 30 year simulation
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Figure 46

Vinyl Chloride Concentration (fig/L) in the Intermediate Groundwater Zone 2555
days into the 30 year simulation
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Figure 47

TCE Concentration (ja.g/L) in the Calibration simulation in the Intermediate
Groundwater Zone at 30 days
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Figure 48

TCE Concentration (jag/L) in the Calibration simulation in the Intermediate
Groundwater Zone at 60 days
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Figure 49

TCE Concentration (jug/L) in the Calibration simulation in the Intermediate
Groundwater Zone at 365 days

Appendix A

Perched

Zone
Vinyl Chloride
NJWQS = 1

cis 1,2 - Dichloroethene
NJWQS = 70
Concentration ( n g/L) Well

Time

Groundwater

Concentration ( u g/L)

Time

Well

Jan-00
8/14/2000
12/11/2002
4/18/2005
12/16/2005

<0.5 DTW-1R
<0.5
<5
<1
0.4

Jan-00
8/14/2000
12/11/2002
4/18/2005
12/16/2005

<1 DTW-1F
<1
<1
<1
<1

Jan-00
8/14/2000
12/10/2002
4/14/2005
12/14/2005

<0.5 HOW-1
<0.5

Jan-00
8/14/2000
12/10/2002
4/14/2005
12/14/2005

<1 HOW-1
<1
-

Jan-00
8/14/2000
12/10/2002
4/15/2005
12/12/2005

<0.5 HOW-2
<0.5
<5
<1

Jan-00
8/14/2000
12/10/2002
4/15/2005
12/12/2005

<1 HOW-2
<1
<1
<1

Jan-00
8/14/2000
12/11/2002
4/18/2005
12/16/2005

0.8 HOW-3
<0.5
0.5
<1
0.54

Jan-00
8/14/2000
12/11/2002
4/18/2005
12/16/2005

<1 HOW-3
<1
<1
<1
<1

Jan-00
9/28/2000
12/12/2002
4/13/2005
12/15/2005

<0.5 S V E -A
0.6
<5
<1
<1

Jan-00
9/28/2000
12/12/2002
4/13/2005
12/15/2005

<1 SVE-A
<1
<1
<1
<1

Jan-00
9/28/2000
12/12/2002
4/13/2005
12/15/2005

<0.5 SVE-B
0.9
0.37
0.76
0.44

Jan-00
9/28/2000
12/12/2002
4/13/2005
12/15/2005

<1 SVE-B
<1
<1
<1
<1

-

-

-

-

Shallow

Zone

Groundwater

cis 1,2 • Dichloroethene

NJWQS = 70
Time

Concentration ( /ig /L )

Well

1/1/2000
8/10/2000
12/9/2002
4/15/2005
12/16/2005

1 BW-1A
5
1.7
<1
<1

1/1/2000
8/9/2000
12/16/2002
4/14/2005
12/15/2005

1 CC-3RR
1
1.8
0.64
0.51

1/1/2000
8/16/2000
12/17/2002
4/14/2005
12/15/2005

4 CC-4S
4
9.3
4.1
6.3/53

1/1/2000
8/11/2000
12/9/2002
4/15/2005

<0.5 CC-5A
<0.5
<5
<1

1/1/2000
8/15/2000
12/13/2002
4/12/2005
12/15/2005

31 MW-1S
30
31.3
16
9.4

1/1/2000
8/10/2000
12/9/2002
4/15/2005
12/16/2005

3 MW-2S
2
2
0.56
1.1

12/11/2002
4/19/2005

<5 MW-4A
<1

12/11/2002
4/19/2005
12/15/2005

<5 MW-9A
<1
<1

1/1/2000
8/7/2000
12/11/2002
4/11/2005
12/15/2005

0.5 MW-11
1
2
2
1.9

8/7/2000
12/11/2002
4/11/2005
12/15/2005

0.6 MW-13
1.5
0.82
2.3

Zone (coni)

Groundwater

Intermediate
cis 1,2 - Dichloroethene

Jan-00
8/8/2000
12/10/2002
4/12/2005
12/15/2005
Jan-00
8/8/2000
12/13/2002
4/12/2005
12/16/2005
Jan-00
8/15/2000
12/18/2002

<0.5 MW-4S
<0.5
<5
<1
<1
<0.5 MW-5
0.8
1.7
0.59
0.67J
33 MW-6D
39
63.9

12/15/2005

20

4/14/2005
12/15/2005

38
37

Jan-00
8/8/2000
12/13/2002
4/14/2005
12/16/2005

2 MW-7D
4
3.7/39
5.1
3.9

Jan-00
8/15/2000
12/11/2002
4/19/2005
12/16/2005

12 MW-8D
12
19.2
11
19

Jan-00
8/8/2000
12/11/2002
4/12/2005
12/14/2005

<0.5 MW-9
<0.5
0.49
0.49
0.49

Jan-00
8/7/2000
12/12/2002
4/11/2005
12/14/2005

<0.5 MW-10
<0.5
<5
<1
<1

Jan-00
8/15/2000
12/11/2002
4/12/2005
12/14/2005

3 MW-12
6
6.7
6
6.1

Jan-00
8/10/2000
12/17/2002
4/13/2005
12/16/2005

11 MW-14
8
16.1
12
3.7

Jan-00
8/10/2000
12/17/2002
4/18/2005
12/16/2005

10 MW-14S
10
16.6

Dec-02
4/19/2005
12/15/2005

0.92 MW-15A
<2
<1

12/12/2002
4/19/2005
12/15/2005

0.8 MW-15B
0.37
<1

Jan-00
______ __________12/17/2002

3.5
18

43 PW-1
46

12/15/2005

15

12/17/2002

25 PW-3R

Intermediate

Zone

Groundwater

NJWQS = 70
cis 1,2 - Dichloroethene
Time
Jan-00
8/10/2000
12/9/2002
4/14/2005
12/16/2005

Concentration ( ugA.) Well
<0.5 BW-1SR
<0.8
<5
0.39
<1

Jan-00
8/16/2000
12/16/2002
4/13/2005
12/16/2005

<12 BW-1DR
<0.5
4.3
4.5
81

Jan-00
8/15/2000
12/9/2002
4/15/2005
12/15/2005

2 CC-1R
2
2.9
0.49

Jan-00
8/15/2000
12/10/2002
4/12/2005
12/16/2005

4 CC-1D
<2
10.4
2
2.0/2.4

Jan-00
8/10/2000
12/12/2002
4/11/2005
12/16/2005

9 CC-2R
9
17.6
4.6
3.2

Jan-00
8/8/2000
12/10/2002
4/11/2005
12/16/2005

1 CC-2D
2
2.5
0.83
0.85

Jan-00
8/9/2000
12/16/2002
4/14/2005
12/16/2005

7 CC-3D
11
16.9
13
7.2

1.3

4/14/2005

39

4/13/2005
12/15/2005

63
21

Jan-00
8/11/2000
12/9/2002
4/15/2005
12/15/2005

8 CC-5SR
12
13.2
10
13

Jan-00
8/15/2000
12/12/2002
4/12/2005
12/15/2005

39 CC-5DR
61
52.3
30
36

Jan-00
8/15/2000
12/9/2002
4/15/2005
12/15/2005

18 MW-1D
20
30.3
15
13

Jan-00
8/15/2000
12/9/2002
4/15/2005
12/16/2005

7 MW-2D
12
23.2
8.7
6.1
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